NCLEIVED BY US]) m 0§

3 CONE-BS50004 -

“RAUR-83-2248

108 Alames Matony Labersiory i SPWeied By ing Uneeridy ot Caniorma for e Unied Sigier Dapariment of Energy unter COnT eI W-1405 ENG- 4

LA~UR--85-2248
DEBS5 014077

A SELF-PUMPING VAPOR SYSTEM FOR HYBRID SPACE HEATING

il
awmoms  Donald A. Neeper - i’ﬁga

TITLE

James C. Hedstrom

F fgreon
SUBMITTED 10 INTERSOL '85 E& i i
Solar Energy Congress of the R i i
International Solar Energy Society 35 R g
June 23-29, 1985 K8
Montreal, Quebec, CANADA Qg 5 i l
§
b

Oy aCCODtance of tha pri-cle 1N pubhanet recogrilel INEI the U § Governmeni : 218115 g NOARaClul-ve rOoyally-
ING SubhERRd 10'M O TR CONIDULAR O 10 aHow ofhers 10 00 10 for U S LOvernmant purpores
avipces ot Ina U 3 Deparimgriof L re-gs

e pubhsher Senhly thig WRCH 08 w0t DOrtormaegd under Ihg

The LO1 Afames Nat-0ne’ LEDO $'0ry 'equesiy 1na!

ermniinn OF THY MOCUMERT © e '\6\(\/\
% Los Alamos National Laborat
LS AlBN0S Lesiames Natonattavoratory



About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


A SELF-PUMF (NG VAPOR SYSTEM FOR HYBRID SPACE HEATING*

Donald A. Neeper and James C. Hedstrom

MS J 576, los Alamos National Laboratory
Los Alamos, New Mexjco 87545 USA

ABSTRACT

This paper reports investigations of a passive system that transports hcat
from a solar collector downward. Refrigerant is evaporated in a collector
and the vapor transports heat to one or wmore cordensers locited at an arbi-
trary elevation below the collector. The vapor pressure 1i''ts the condensed
1iquid to an accumulator located near the top of the collector. The results
of annual performance calculations are presented for a space heating appli-
cation in which one or more condensers are located within passive thermal
storage units that release heat directly to one or more zones of the
building. Simple sizing rules for optimal energy yield are given.
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DESCRIPTION OF THE SELF-PUMPING SYSTEM

Backgrcund

Most hybrid systems utilize active collection with pum)s and controllers,
We are investigating a passive system that transports neat across arbitrary
distances at l1ow temperature difference, that requires no external pumps or
controls, &nd that does not freeze, corrode, or lose heat at night. Several
papers [1] discuss self-pumping schemes. Workers at Ispra [2] have experi-
mented with an arrangement similar to the first system that we studied
[3.4], which had a single accumulator. We showed that this system requires
precise external cooling of the accumulator for optimal operation, and we
therefore conceived a two-accumulator systea that provides internal cooling.

Two-accumulator System

Figure 1 shows one version of the two-accumdlator system, which utilizes

*Nork suppurted by US Department of Energy, Officce of Solar Heat
Technologfies.



thres check valves. All plumbing and both accumulators are insulated, so
that almeet all heat transfer occurs only at the collector or at the conden-
ser, which is located in thermul storage. The pressure and temperature of
the upper accumulator are kept close to those of the condenser by the unin-
terrupted vapor 1ink between these components. When the float valve 1s open,
vepor from the collector passes tc the
condenser, and condensed 1iquid drains

py— back into the lower accumulator.
oollester Aocun- During this phase of the cycle, the

collector, condenser, and upper accum-
ulator are at nearly equal pressures,
and liquid continuously drains from
g the upper accumulator, keeping the
collector nearly filled. When the
sendenanr lower accumulator is full, the float
valve closes causing the pressure and
temperature of the collector and lower
accumulator to rise, lifting liquid
into the upper accumulator. When the
lower accumulator is nearly empty,

lowar the float valve opens. The lower
Stevs-  accumulator rapidly cools to the

temperature of the condenser due to
the renewed vapor connection, and
Fig. 1 Two-accumulator vapor system. the cycle begins again.

The two-accumulator system has several advantages when compared with the
single-accumulator Zystem. a) During the condensing phase of the cycle, the
collector is continuously fed with 1iquid. b) During the condensing phase,
the collector temperature is close to the storage temperature. In the
single-accumulator system, the collector temperature is always elevated by
at least the amount required for liquid 1ift, and may be elevated much more
due to imperfect conling of the accumulator. ¢) After the pumping phase,
nearly perfect cooling of the accumulator occurs as its ercess thermal
energy is transferred to the condenser as useful heat.

TESTS OF THE TWO-ACCUMULATOR SYSTEM

We constructed an indoor mockup of the two-accumulator system in which the
solar collector is simulated by an electrically-heatad copper evaporator of
approximately ithe same mass and volume as the absorber of a fin-tube
collector with 2 area. The worxing Fluid is R-11 (trichloromono-
fluoromethene). The condenser is a 15 m coil of 16 mm OD copper tubing
immersed in an uninsulated tank containing 185 1 water. Liquid lift is
appruximately 5 m. For this experimental mockup, the time-average eleva-
tion of collector temperature above storage temperature is given by

1 A Y
AT-ATO"U;Q. (1,

in wnich Q is the simulated delivered power per unit collector area and Uy
1s similar to a heat transfer coefficient for a heat exchanger. Althcugh
the elevation of average collicctor temperature can presumably be reduced, we
have used this empirical equation in our numerical simulations of the nelf-
pumping space heating system.



NUMERICAL SIMULATIONS OF SPACE HEATING SYSTEMS

Description of the Numerical Model
Our computer program repreients an active collection system that delivers
solar heat to a water tank, which passively delivers heat in an uncont:.Jlied
manner to the room. For simulation of the vapor system, the fiow rate and
heat transfer quantities were set to appropriate values, as determined from
previous validation with test cell data [5]. Figure 2 shows diagrams of the
computer model of the self-pumping vapor system and of the pumped liquid
drainback hybrid system (circulating water) with which the vapor system is
compared. (Although the vapor system is strictly passive, we regard it as a
hybrid system because of its similarity with the pumped hybrid system.)
Auxiliary heat is supplied if necessary to maintain the lower limit of room
temperature at 18,3 C. The upper limit of room temperature is 2.9 C, above
wnich energy is presumed to be vented. The calculated solar savings
fraction (SSF) is based on the energy required .0 maintain the building at
183 C. In our calculations, ALL SYSTEM PARAMETERS ARE NORMALIZED TO
COLLECTOR AREA--for
COMPUTER MODEL HYBRIDO SYSTEM example, the load/collector

o] ratio (LCR) is the building
Y7L e load coefficient in watts
QF per degree Centigrade,

TILT
[ o

divided by the collector
area. Calculations for the
pumped liquid hybrid system
and for the vapor system

1LOAD show nearly identical
results. Hence, all
results shown in this paper
will be for the vapor

B _ system, with the

LIQUID DRAINBACK SELF-PUMPING VAPOR understanding that the same

resuits apply for the

pumped 1iquid system.

Fig. 2 Diagram of the computer models.

Comparison with Water Walls

I[f the hybrid system were idealized so that there were no losses from the
back of the collector or froa the pipes (Ug = Upy = Upz = 0), then it

should behave very much like a water wall wiih selective surface and night
insulation. Figure 3 shows the annual SSF for this idealiiad rase with tne
collector tilted at 90° to match the tilt of a water wall. The curves label-
ed ¥WC1 and WWC3 represent computer-generated corr2lations for single-glazed,
selective-surfaced water walls without and with night insulation, respec-
tively [6]. Calculated points are also shown for the base case systom with
the parameters as given in Table 1. The water walls and the vapor system of
Fig. 3 all have the same thermal storage (955 kJ/C per square meter of
collector), and the same storage-to-room heat transfer coefficient (Uc ~

8.5 W/C per square meter of collector). Albuquerque and Buffalo represent
extremes of sunny and cloudy climates. Figure 3 shows that the calculateu
performance of the idealized system does indeed approximiate that of the
night-insulated water wall, and that the thermal losses of the more realifs-
L1C base case cause a significant penalty. We suspect that in some instan-
ces the hybrid system provides less energy than predicted by the WQ cor-
relations because of differences in the way the two corputsr programs treat
ground-reflected and diffuse radiation, and because the correlations are not
necessa~1ly an exact representation of the originel water wall calculations.



¥e cenclude that the vapor (or the pumped liquid) hybrid system behaves

xisately as a night-insulated water wall, but with practical advantages
of allowing an elevated, tilted collector and heat delivery to locations
remots fraom the collector.
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Figures 4-6 illustrate the dependence of “r QY t|
annual SSF on lig, storage capacity, and Y VS W
LCR. Figure 4 shows that, for s.orage LCR (BtuM®F DAY)
greater than 600 kJ/C per of collector
area, the energy savings has a broad maximum Fig. 3 Comparison of vapor
near Ug = 12 W/C per of collector system performance with
area, Figure 5 shows the the dependence correlations for waterwalls.

of SSF on storage, with each data point taken

near the value of Ug that maximizes ISF at the particular value of stor-
age. Figure S shows that the annual SSF of vapor or pumped liquia hybrid
systems is insensitive to the amount of storage between 609 and 1200
kJ/m.cC. Figure 6 shows the dependence of SSF on LCR for a nearly opti-
mal system with Us = 11.3W/m.2C, and storage of either 612 or 1225
kJ/mceC. From these figures we propose some rules of thumb for design:
I.CR 1s chosan for the desired solar fraction, Ug should be in the range
10-15 W/m.2C, and storage should be 1n che range 600-1000 kJ/m-2C.
Swisher [7] sugaests that storage should be at least 800 kJ/mZC.
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Fig. 4 SSF as 4 function of Ug storage capacity.



LR (Wimd C) In the sunny climate of Albuquerque, the daily

w3} —r>—r-3 swings of storage temperature are larger than
SSF w1 LCR in less sunny climates. With 612 kJIqE of
i storage capacity, the average daily extremes of

STonass . storage temperature during winter are approxi-
T ente mately 25 and 38 C in Albuquerque. Because the
daily maximum storage temperature is well above
the desired room temperature, the effects of
mean radiant temperature may be significant as
Swisher suggests [7]. Additional energy savings
might therefore result from a reduction of
thermostat setpoint, or by use of a manually
operated curtain that is drawn across the
exposed surface of storage when excess heating

occurs.
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Fig. 6 SSF vs LCR.
NOMENCLATURE

AT tievation of collector temperture above storage temperature.
8Ty Simulated heat excinanger temperature offset.
Ug Back loss from plate heat transfer coefficient (per collector area).
Uy Heat exchanger heat transfer coefficient (per collector area).

Up1 Outdoor pipe loss heat transfer coefficient (per collector area).
Up2 Indoor pipe 10ss heat transfer coefficient (per collector area).

Us Storage-to-room heat transfer coefficient (per collector areaj).

H Plate-to-fluid heat transfer coefficient (per collector area).

W Simulated thermal capacity of fluid flow rate (per coilector area).
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